Possible differences between free and bound protons may be observed in the ratio of polarizationtransfer components, P x /P z . We report the measurement of P x /P z , in the 2 H( e, e p)n reaction at low and high missing momenta. Observed increasing deviation of P x /P z from that of a free proton as a function of the virtuality, similar to that observed in 4 He, indicates that the effect in nuclei is due to the virtuality of the knock-out proton and not due to the average nuclear density. The measured differences from calculations assuming free-proton form factors (∼ 10%), may indicate in-medium modifications.
The proton elastic electric and magnetic form factors (FFs) describe the distributions of electric charge and magnetization inside the proton and thus are intimately related to its internal structure [1] . Scattering polarized electrons off protons and simultaneous measurement of two polarization-transfer components allow one to determine the ratio of the electric to magnetic FF [2] . This method eliminates many potential sources of systematic uncertainties and allows for high-precision measurements of this ratio.
In nuclei, the effects of the strong nuclear field on a bound nucleon are an interesting issue: Do bound nucleons have the same properties as free ones [3] ? Measurement of the polarization of a proton that was knocked out of a nucleus by a polarized electron (quasi-elastic scattering) and the comparison to that of a free proton enable to probe possible changes in the FF ratio and may point to changes in the internal structure of a bound proton. It is particularly interesting to measure such effects in the deuteron which is the most weakly bound nuclear system, and is frequently used as a 'free-neutron' target. Changes in the FF of 'off-the-mass-shell' nucleons may be relevant even in the deuteron.
We report here measurements of the transverse and longitudinal polarization-transfer components of the knocked out proton in the quasi-free 2 H( e, e p)n reaction as a function of the proton missing-momentum (p miss ) compared to those of the free proton [4] . The data are also compared to calculations [5] , as well as to existing similar data from the 4 He( e, e p) 3 H reaction [6, 7] . The comparison of data from a loosely bound nucleus (deuteron) to the data from the high density 4 He was made as a function of the proton virtuality defined as:
where M A , M A−1 and M p are the target, residual nucleus, and proton masses, respectively p miss is the missing-momentum in the reaction, p miss = q − p p , q is the momentum transfer and p p is the out-going proton momentum. The good agreement between the deuteron and 4 He data, shown below, indicates that the deviations from the free proton ratio do not originate from the average nuclear density (which is vastly different in these nuclei) but rather from the 'off shell' effects of the knocked out proton, as reflected by its virtuality.
In the elastic 1 H( e, e p) reaction there are two beam helicity dependent, non-vanishing polarization-transfer components: transverse (P x , perpendicular to the proton momentum in the scattering plane defined by the incident and scattered electron), and longitudinal (P z , along the proton momentum). In the one photon exchange approximation their ratio (P x /P z ) H is directly related to the ratio of elastic electric
where E (E ) is the incident (scattered) electron energy, and θ e is the electron scattering angle. For quasi-free elastic scattering off a bound nucleon, the knock-out proton is in general not ejected in the momentum-transfer ( q) direction (and in the scattering plane) due to its initial momentum. This introduces an additional plane, the reaction plane, spanned by the momentum transfer ( q) and the outgoing proton momentum ( p p ), characterized by the spherical angles θ pq and φ pq as shown in Fig. 1 . Following the convention of [7] the polarization components are the ones in the scattering plane along (z) and perpendicular (x) to q. Changes in the structure of a bound nucleon may be reflected in the measured ratio (P x /P z ) of knocked-out nucleons. Other effects may influence this ratio as well. We compare the measurement to state of the art calculations of the deuteron that take into account meson-exchange currents (MEC), isobar currents (IC), relativistic contributions of lowest order (RC), and final-state interactions (FSI) [5] . We observe significant differences between the calculation and the measured results.
The experiment was performed at the Mainz Microtron (MAMI) using the A1 beam-line and spectrometers [8] . For the measurements 600 and 630 MeV CW polarized electron beams of 10 µA current were used. The average beam polarization was 80%, measured with a Møller polarimeter. The beam helicity was flipped at a rate of 1 Hz. The target consisted of an oblong shaped cell (50 mm long, 11.5 mm diameter) filled with liquid deuterium. Two high-resolution, small solid angle, spectrometers, with momentum acceptances of 20−25%, were used to detect scattered electrons and knocked out protons, in coincidence. The proton spectrometer was equipped with a focal-plane polarimeter (FPP) with a 3 − 7 cm thick carbon analyzer [8, 9] . The spin dependent scattering of the polarized proton by the carbon analyzer allows the determination of the proton longitudinal and transverse polarization components at the reaction point in the target [9] . These polarization-transfer components were obtained by correcting for the spin precession in the spectrometer magnetic field.
The measurements were performed at four kinematic set-ups that covered two Q 2 ranges and two missingmomentum ranges each. Details of the kinematic settings are summarized in Table I , where p p and θ p (p e and θ e ) are the knock-out proton (scattered electron) momentum and angle. The missing momentum is taken to FIG. 2. The measured ratio of helicity dependent polarization components, P x /P z , versus the missing-momentum. The data are compared to the calculations based on the theoretical framework of Ref. [5] . The uncertainties are statistical only, and the horizontal bars indicate the pmiss standard deviation in each bin.
be positive (negative) if a component of p miss is parallel (anti-parallel) to the momentum-transfer vector ( q). In the analysis, cuts were applied to identify coincident electrons and protons that originate from the deuterium target, and to ensure good reconstruction of tracks in the spectrometer and FPP. Only events that scatter by more than 10
• in the FPP were selected (to remove Coulomb scattering events).
Helicity-independent corrections to the measured ratios (acceptance, detector efficiency, target density, etc.) cancel out by the frequent flips of the beam helicity. The uncertainties in the beam polarization, carbon analyzing power, and efficiency are also canceled by taking the P x /P z ratio. The total systematic uncertainty in the P x /P z ratio is estimated to about 1−2% (mainly from reaction vertex reconstruction and spin precession estima-tion) and is small compared to the dominant statistical uncertainty.
The data for both squared four-momentum transfers are presented in Fig. 2 as a function of the missingmomentum. The data are compared to a calculation of P x /P z for the deuteron [5] that takes into account FSI, MEC, IC and RC. The calculations presented here (and the hydrogen values used below) use the free proton FFs of Bernauer et al. [4] . The theoretical results shown in Fig. 2 were obtained by averaging calculations on the event-by-event basis over the entire data sample in each bin. We note that the theoretical results depend on the sign of the missing momentum. Figure 3 shows the double-ratio of the deuteron data to hydrogen, (P x /P z )2 H /(P x /P z ) H , as a function of the virtuality. Our data are supplemented with higher Q 2 deuteron data measured at Jefferson Lab [10] . The data are shown separately for positive and negative missing momenta to show a possible dependence (as suggested by the calculation).
Our new measurements double the virtuality range covered by the previous experiments. Within the overlap, the data are consistent. The data show strong deviations of (P x /P z )2 H from that of a free proton which are indicated by the decrease of the double-ratio well below unity at large virtuality. The higher-momentum data of JLab, (up to Q 2 =1.6 GeV 2 ) suggest that the deviation is independent of Q 2 . The deuteron double-ratio data are compared with those of proton knock-out from 4 He measured at JLab [7] . The deuteron is the least bound nucleus in nature with the largest average distance between nucleons and the lowest average nuclear density. On the other hand 4 He is a very strongly-bound nucleus with a very high average density.
The excellent agreement between the deuteron and 4 He data, with the same behavior of the double ratio (P x /P z ) A /(P x /P z ) H , Fig. 3 , suggests that the deviations from the free proton value due to nuclear effects do not depend on the nuclear average density. It is the virtuality, rather than the nuclear density, that determines the double-ratio behavior, while the latter would affect the number of protons of a given virtuality (i.e. a given 'off-shellness') in the nucleus. The measured double-ratio (P x /P z )A/(P x /P z )H (A = 2 H, 4 He) as a function of the proton virtuality, ν, for deuteron (this work and [10] ) and for 4 He [7] . The virtuality dependence is shown separately for positive and negative missing momenta. The symbols for the data of this work correspond to those in Fig. 2 . Also shown are calculations for deuteron case (see text for details).
